In attempting to tackle this problem in more direct ways, which could not be done with the human, Dr Milner said he had tumed to the development of the rabbit feetal pancreas and had studied insulin secretion by measuring from pieces of pancreas incubated in vitro. Full gestation in the rabbit was 30 days and the earliest time in faetal life at which he had been able to study insulin secretion was 24 days. At this time the islets of Langerhans were primitive and the beta cells were not granulated. However, they responded to a variety of stimuli at this time, including glucose, glucagon, leucine, ouabain and potassium. Without going into details of the different patterns of response he thought it might be important that feetal beta cells responded to amino acids, thus invoking an anabolic role for insulin in fcetal development. It might be that in this way the pancreas played an important regulatory mechanism in development. Dr Schwartz, replying, said he thought the work both fascinating and important and that their studies would dovetail at some point. What happened to a piece of pancreas in an isolated system in terms of its responsiveness and what happened to the intact organ from a physiological point of view would have to be correlated.
He added that at the recent Federation Meetings in Atlantic City, Dr R F Willes & Dr J M Boda (1968, Fed. Proc. 27, 496) had reported on chronically cannulated ovine foetuses (100-146 days gestation). Faetal plasma insulin concentrations, as assessed by radioimmunoassay, did not change in response to foetal glucose or fructose challenges. Dr Milner had stated that a group from St Mary's Hospital had made comparable studies and perhaps a report could be made. Dr H G Britton (St Mary's Hospital Medical School, London) , speaking for the group at St Mary's Hospital Medical School, said observations had been made on exteriorized feetal sheep with the mother under spinal anesthesia. These studies had shown that the placenta was effectively impermeable to insulin. Immunologically assayable insulin, however, was found in the foetal blood from the earliest age examined (42 days). It was presumably derived from the fcetal pancreas since this tissue was shown to be rich in the hormone. Intravenous glucose given to the younger foetuses produced only a very small and doubtful rise in insulin after a long delay but in the older fcetuses there was a marked rise although the peak of the response was still delayed. Intravenous fructose was without effect on the insulin concentrations. They did not know the reason for the difference between their results and those of the American workers but their findings suggested that the picture in the sheep might be similar to that in the human.
Breakdown in Maternal Protection: Infections by J A Dudgeon MC MD FCPath (The Hospitalfor Sick Children, Great Ormond Street, London) In the opening paper on the evolution of viviparity Professor Amoroso discussed some of the adaptive mechanisms which had been developed for protecting the foetus during a prolonged period of gestation. One of these was parental protection; this aspect of the problem will now be considered in relationship to the breakdown in maternal protection and infections. In doing so, the meaning of the word 'breakdown' will be interpreted liberally and construed as meaning an absence or a defect in maternal protection.
During intrauterine life the conceptus may be exposed to a number of intrinsic and extrinsic factors which may affect its subsequent development. The extrinsic or environmental factors causing foetal damage fall into three main categories. First, there are physical agents such as ionizing radiation; secondly, chemical agents of which thalidomide is a well-known example, and thirdly, biological agents which include a wide variety of infectious agents. The extent of foetal damage which can be directly attributed to infections and other environmental factors is difficult to assess, but it is comparatively small compared with other forms of reproductive failure. The effects, however, can be very severe, as has been seen in the thalidomide disaster in 1964 and the 1964-5 epidemic of congenital rubella in the USA. Environmental factors are also important for another reason. Whenever such an agent can be incriminated as a direct cause of feetal damage, it can be more readily withheld or otherwise controlled. This has already been accomplished with ionizing radiation and thalidomide and there is good reason for believing that protection of the foetus against an infection such as rubella can be mediated through the immunological defences of the mother.
Infectious Agents Causing Faetal Damage
The infectious agents which may lead to foetal infection and thence to foetal damage are shown in Table 1 . These comprise protozoa, bacteria and viruses. Mycoplasma are included although data on them are at present limited. The relative importance of these agents in relation to foetal infection depends on a number of factors some of which are still not well understood. Of special importance, however, are the portal of entry, the mode of spread of infection in the mother and to the foetus and the pathogenicity of the organism. 
Pathways ofFa?tal Infection
The routes by which micro-organisms reach the foetus have been reviewed in detail by Benirschke (1960 ), Blanc (1961 and Driscoll (1967 bodies have a special role in counteracting organisms in the blood stream. In cases of bloodstream spread organisms may be deposited in the intervillous spaces or decidua and, having damaged the normal placental barrier, penetrate the chorionic tissues and vessels. In infections accompanied by maternal septicaemia, bacteriemias or viramia, a villous placentitis is frequently produced followed by dissemination of the organisms throughout the foetus (Driscoll 1967) .
Consequences of Faetal Infection
Maternal infections can damage the foetus in one of two ways: by direct invasion or by an indirect toxic effect. With the exception of influenza, and one or two infections which may produce toxic changes as a result of high fever or some other such cause, direct invasion of the foetus with multiplication of the organism in feetal tissues is the essential process which leads to feetal damage and abnormal feetal development. The main consequences of feetal infection are shown in Table 2 . These are varied and it is important to stress that the response of the feetus to any particular agent shows considerable variation even at a time of maximum susceptibility. The reasons for this are not clear, but amongst the factors to be considered are the gestational age and in particular the stage of maturation of the placenta, a dosage factor, or the immunological reactivity of the foetus.
,eEtiological Relationship Between Maternal Infection and Fwtal Damage
Infections in pregnancy are by no means uncommon and the foetus may remain unaffected, but even if foetal dan-age does ensue it does not necessarily follow that the maternal infection was responsible. In many instances the association between maternal infection and foetal damage is clear as, for example, in rubella, cytomegalic inclusion disease, listeriosis, syphilis and toxo- Table 3 Criteria for atiological relationship between maternal infection and abnormal fwetal development (1) Clinical: consistency in clinical pattern (2) Epidemiological: similar pattern with same agent in different areas (3) Persistence of infectious agent (4) Persistence of antibody after decline of maternal antibody:
presence ofantibody in IgM fraction: high levels of IgM in early months oflife plasmosis. Other infections in which the agent is known to cross the placenta and infect the foetus are varicella, Coxsackie B, vaccinia and herpes simplex.
In mumps, influenza and hepatitis the effect on the foetus is less consistent. Accurate data on the oetiological relationship are important from the point of view of prevention and with this in mind we have formulated a set of criteria which should, as far as possible, be satisfied before a microorganism is accepted as the causative agent of foetal damage. These have been discussed at a previous meeting of this Society (Dudgeon 1968) and are summarized in Table 3 .
The Pathogenesis of Faetal Infection
Feetal infections differ in a number of respects from postnatal infections but basically they can be considered in terms of host and parasite factors operating in the rather special circumstances of intrauterine environment. Apart from the portal of entry and mode of spread of infection which have already been mentioned, other factors play a part in determining whether fotal infection is established. These are: (1) The maternal barrier mainly dependent on the mother's immune defence mechanism. (2) The effectiveness of the placenta to act as a barrier.
(3) The capacity of the foetus to react to the infection. (4) The virulence of the invading organism.
(1) Maternal immunity: From the immunological aspect a breakdown in maternal immunity can in many cases be ascribed to an absence or to a defect in maternal immunity. This is of special importance in determining resistance particularly to virus and other infections which spread via the transplacental route. In this context maternal infections can be considered under three headings: (a) Primary infections which occur due to the absence of maternal immunity. Many of the diseases listed in Table 1 are predominantly infections of childhood; consequently the majority of women at the time of pregnancy are immune, from previous exposure, to diseases such as measles, varicella and mumps. In rubella infection is acquired somewhat later and a significant number of women of childbearing age, about 15-20% in Great Britain, are still susceptible to rubella. This is the classical example of an infection in the mother leading to severe feetal damage being the direct result of an immunological defect. (b) Chronic or recurrent infections which occur as the result of persistence of the infecting agent and as a result of reactivation of the agent from a latent form. In both instances this occurs in the presence of antibody. (c) Reinfections which may occur where immunity has declined or in respiratory infections, such as influenza, where reinfections may occur because the antibody from previous exposure may be immunologically unrelated to that engendered by subsequent infecting strains.
(2) Effectiveness of the placenta: The 'normal placenta' is probably a reasonably efficient barrier to micro-organisms, but if it is darmraged by a focus of infection it is no longer normal and organisms may cross to the foetal side. This is supported by histopathological evidence in toxoplasmosis, syphilis and other bacterial infections; a similar villous placentitis has also been described in rubella (Driscoll 1967 , Tondury 1964 (3) Capacity of the fa?tus to react: Once infection has reached the foetus its capacity to resist or terminate the infection is limited. The foetus can produce a humoral immune response, which is predominantly IgM or Ig macroglobulin, at a comparatively early age. Examples of this can be seen in the human foetus and it has been demonstrated in animals in response to a variety of antigens, but generally speaking feetuses are deficient in their capacity to produce a cellular immune response; a factor which is of special concern in the termination as opposed to the prevention of infections.
(4) Virulence: The micro-organisms listed in Table 1 vary greatly in their virulence. An example of this is seen in foetal infections. Infections such as measles, smallpox and poliomyelitis occurring in pregnancy are associated with a high incidence of feetal death. This also occurs in mumps, but others, rubella and cytomegalovirus, may damage but not kill the foetus. Similar differences between the effect of virulent and avirulent virus strains on the foetus have been observed in a number of animal viruses notably hog cholera and blue-tongue viruses. The property of virulence has an important practical implication in connexion with the development of attenuated rubella vaccines. The ultimate test of safety of a rubella vaccine is that the attenuated strain should be nonpathogenic to the foetus even if the vaccine virus does cause a viremia, however limited that may be.
Finally, on the subject of pathogenesis, there is an important aspect of timing to be considered. In maternal infections invasion by the infecting organism precedes the development of immunity. At the end of the incubation period, when symptoms normally develop, multiplication of virus (or whichever agent is causing the infection) has reached its peak. The next stage is crucial to the patient as the infection will probably end fatally unless virus multiplication is terminated. Interferon or some cellular factor with a similar function is concerned in the termination of infection and after this specific neutralizing antibody appears and the patient becomes immune. Although these stages are not distinct they occur in this order with viramia preceding the appearance of interferon and followed later by the development of antibody. This is the normal pattern of events in infections acquired after birth; in prenatal infections there is a tendency for infections to become chronic, as in the foetus the cellular immune mechanism appears to be less well developed than the humoral mechanism. In maternal infections the feetus has already become infected by the time maternal antibody has developed and been transferred across the placenta.
The first group of infections to be considered under the heading of breakdown in maternal protection are those associated with primary infections in the mother.
Congenital Rubella
The close association between maternal rubella and congenital malformations and other forms of feetal damage has been confirmed from all parts of the world since Gregg first drew attention to it in 1941. Since the isolation of rubella virus in 1962 and the development of laboratory techniques for detecting rubella virus and antibody much new information has been obtained on the role of this virus in feetal infections. Detailed clinical and laboratory investigations on cases of congenital rubella have revealed a wider spectrum of clinical manifestations than was usually associated with the rubella syndrome of cataracts, heart disease and deafness. Details of these studies have been fully documented (Rubella Symposium 1965, Dudgeon 1967) .
Two of the most constant features of congenital rubella are, first, a low birth weight (62,500 grams) for a normal gestational age and, secondly, a high incidence of multiple defects, the most important of which are heart lesions, cataracts, hearing defects and a severe form of disease in the newborn characterized by hepatosplenomegaly, jauridice, purpura, anaemia and bone lesions.
Until recently the evidence that congenital rubella was due to primary infection in the mother was largely indirect, but the introduction of laboratory tests for the diagnosis of rubella has confirmed this belief. Following maternal viremia, virus spreads to infect the placenta and is then disseminated to the foetus. The pathogenesis of postnatal and prenatal rubella differs in a number of important respects. Natural postnatal rubella in the child or adult is an acute infection followed by elimination of virus and by a long period of immunity. Infection contracted in utero tends to be chronic. Rubella virus has been demonstrated in placental and feetal tissues by a number of workers, notably by Selzer (1963) and by Alford et al. (1964) . In a study on products of conception Alford et al. (1964) showed that virus could be recovered from 67% of placenta and from 22% of foetuses following termination in the first trimester. Their observation that virus could be recovered infrequently from foetal material after the 8th week, whereas placental material was frequently positive, indicates that persistence of virus is less frequent in the feetus than in the placenta possibly as a result of maturation of the placenta. Virus can also Le recovered from the newborn with congenital rubella and for several months after birth , Rubella Symposium 1965 . Most rubella children have stopped excreting virus by the end of the first year of life. Persistence of virus and a chronic infection is the first feature that distinguishes intrauterine from postnatal rubella. The second is the disseminated infection that occurs and the third difference lies in the immunological response of the foetus. Infants and young children with the rubella syndrome have been shown to have high levels of rubella antibody at a time when it would be expected that maternally transmitted antibody would have disappeared and before naturally acquired antibody would have developed (Plotkin et al. 1963 , Dudgeon et al. 1964 ). Rubella antibody studies carried out on maternal and foetal sera collected at the time of termination of pregnancy between the 12th and 16th week have revealed a disproportionately low level of antibody in feetal compared with the maternal sera . Early foetal serum obtained at about the 16th week contains predominantly IgG antibody and at birth serum from congenital rubella infants contains both IgG and IgM antibody (Alford 1965 , Bellanti et al. 1965 . Our own studies from Great Ormond Street (Soothill et al. 1966 ) have revealed high levels of IgM at birth which are sustained throughout infancy. These findings point to the de novo synthesis of antibody by the foetus. Comparatively high levels of serum IgA are found in these infants at 3-9 months of age at about the time that virus excretion ceases ; whether these two findings are causally related is not yet known, nor is the role of locally produced IgA in the secretions in these cases. It is clear from these findings that intrauterine infection with rubella does not lead to a state of immunological tolerance in respect of humoral immunity, but the fact that virus persists in the presence of circulatory antibody suggests that there is a defect in cellular immunity. Some evidence has been produced that lymphocyte transformation is defective in congenital rubella infants in the early months of life (Olsen et al. 1967 , Marshall 1968 and it has been shown that interferon cannot be demonstrated in the serum or uiine of congenital rubella infants, although they appear capable of producing interferon following vaccination with live measles vaccine (Desmyter et al. 1967) .
Rubella, therefore, provides an illustration of a virus infection causing damage to a feetus as a result of an absence of maternal immunity. It is possible that in some individuals immunity may decline to the point that reinfection with resultant foetal infection may ensue, but this is probably a rare event if it occurs at all.
Congenital Cytomegalovirus
Infection (CMV) For many years pathologists have been aware of the presence of large inclusion-body-bearing cells in the salivary glands and other organs as a routine finding in pwediatric autopsies. The belief that these inclusions resulted from infection with the human strain of salivary gland virus was finally established in 1957 following the isolation of the causative agent of cytomegalic inclusion disease in tissue culture (Weller et al. 1957 ). For a time CMV was regarded as a comparatively rare cause of human disease, but recent work by Weller & Hanshaw (1962) , Medearis (1964) and Stern (1968) has shown it to be an important human pathogen.
Cytomegalovirus infection is widespread throughout the world. Serological studies indicate that the incidence of CMV antibody increases with age and that approximately 50% of adults have evidence of past infection. Inapparent infection is extremely common and this is one of the main reasons why it is difficult to determine when infection occurs and also the length of the incubation period.
The clinical manifestations are extremely varied. Infection may occur before birth in which case the disease may present in a fulminating form or, as with congenital rubella, mild or inapparent illness may ensue. The fulminating form of the congenital type of CMV infection is characterized by hepatosplenomegaly, jaundice and a petechial rash appearing within a few days of birth. Many of these congenitally infected children have a low birth weight (Weller & Hanshaw 1962) and are reported as being premature. In all probability they are 'small for dates'. Respiratory symptoms may develop and in infants who survive neurological sequelae are common. On the other hand mental retardation or even virus excretion may be the only sign of congenital infection. True malformations such as the cataracts and heart disease of congenital rubella are seldom seen in congenital CMV infection which suggests that in most cases infection has occurred after organogenesis and that the defects are due to secondary destruction of formed tissues. In this respect congenital CMV infection resembles congenital toxoplasmosis more closely than congenital rubella.
It can only be presumed that these congenital infections result from primary infections in women without antibody. There is no pathognomonic clinical sign to identify the disease in the mother and there is no serological evidence to support this concept. However, no valid reasons exist why there should not be primary infections, but the fact that a prolonged carrier state can occur in adults (Weller 1967) raises the possibility that an infected woman could transmit infection in a subsequent pregnancy. To my knowledge, no such cases have yet been reported but it is a matter that requires continued observation.
Congenital Toxoplasmosis
Infection with Toxoplasma gondii may also occur before or after birth. Many cases of toxoplasmosis presenting in the neonatal period are probably congenital in origin. The clinical manifestations of congenital toxoplasmosis are also extremely variable, presenting as a generalized infection or as a mild or inapparent infection. Cases with clinical disease fall into two main groups, which Eichenwald (1960) has designated, one into 'neurological' disease and the other into 'generalized' disease. The symptoms of the latter group, splenomegaly, hepatomegaly, jaundice, anamia and fever, are very similar to the symptoms of congenital CMV infection, except that in toxoplasmosis petechie and purpura are rarely seen. The evidence that primary infection with Toxoplasma occurring in pregnancy is responsible for feetal damage is more definite than in CMV infection. In most cases of congenital infections the mothers have been found to have high antibody titres suggestive of a recent primary infection (Sabin et al. 1952 , Sever et al. 1967 ). Sever (1968, personal communication) has shown in a study on infections affecting the foetus and newborn that there was an increased hazard to children born of women with high levels of toxoplasma antibody in pregnancy. These consisted of low birth weight, prematurity and generalized toxoplasmosis. The highest rates of perinatal mortality from toxoplasmosis were associated with the highest levels of maternal antibody. No clinical signs were observed in the pregnancies which could be used for the clinical recognition of maternal infection.
After initial infection with Toxoplasma there is a parasitaemia which may or may not persist. There is a tendency for parasitaemia to persist for longer periods in animals, but cases have been recorded in human beings (Beattie 1967) . Chronic infection with transmission of infection to subsequent pregnancies occurs in animals and strains of Toxoplasma vary in virulence, but whether this occurs in human beings is less certain (Frenkel 1967) . Toxoplasma has been recovered from human uterine tissues ) and abortion material, but further studies are required to determine to what extent chronic toxoplasmosis is a significant cause of repeated abortions.
Many points of similarity in pathogenesis can be observed in congenital rubella, CMV infection, toxoplasmosis and also in congenital syphilis. The causal relationship between maternal infection and feetal disease has been clearly established on clinical and epidemiological grounds and is supported by the laboratory findings of persistence of the infectious agent and of raised levels of IgM in the newborn and early weeks of life (McCracken & Shinefield 1965 , Stiehm et al. 1966 , Soothill et al. 1966 , Alford et al. 1967 .
Other Infections Associated with Primary Maternal Infection Several virus infections, for example varicella and poliomyelitis, occurring towards the end of pregnancy may give rise to disease in the newborn as a result of transplacental spread of virus. This may also occur occasionally in herpes simplex infections. Here again the evidence points to the absence of maternal immunity as the responsible factor for feetal involvement. Recently we have observed a case of neonatal varicella following maternal varicella two days before delivery. On the 8th day of life the child developed typical varicella and acute respiratory distress and died on the 13th day with disseminated visceral lesions. Varicella virus was recovered from the skin, adrenals, liver and lungs. Varicella antibody was present in both the mother's and the infant's sera and the IgM in the latter was 164%, a very high value for an infant of this age.
Vaccinia: Jennerian vaccination is a recognized risk in pregnancy. Wilson (1967) has recently reviewed the literature on this subject. Eighteen fatal cases of foetal vaccinia have been documented, all of which have followed primary vaccination at some time between the 7th and 24th week of pregnancy. The interval between vaccination and abortion ranged from 4 to 12 weeks. Foetal vaccinia is characterized by disseminated lesions in the viscera and over the skin. The lesions themselves are extensive and show no evidence of healing. Although these reported cases have been associated with primary vaccination there is a potential risk from revaccination if a long delay occurs between primary and revaccination.
Coxsackie B: Outbreaks of Coxsackie B infection in maternity homes and other institutions have been shown to produce transplacental infection leading to a severe disseminated infection in the newborn involving the heart, brain, lung and adrenals. It has been shown as a result of antibody tests that there are primary infections occurring in the absence of maternal immunity. Recently Brown & Evans (1967) have produced evidence of an increased incidence of congenital heart disease in infants born of women who had contracted Coxsackie B3 and B4 infection in early pregnancy. It will be of interest to see whether this association, based on serological evidence, is substantiated by further prospective studies in which the criteria previously mentioned are taken into consideration.
Measles, Mumps, Chicken-pox, Poliomyelitis and Influenza It is generally assumed that primary infection with these viruses in pregnancy carries a serious risk to the feetus. The inquiry in England in 1950 into the effect of rubella and other virus disease in pregnancy (Manson et al. 1960) failed to reveal any harmful effect on the foetus following maternal mumps and chicken-pox, although the final outcome for the infant was poor following maternal measles and poliomyelitis. In this series maternal influenza occurring between the 13th and 20th weeks constituted a serious hazard to the foetus. Five out of 97 live-born infants died before they were 2 years old from a variety of unremarkable causes.
From the comparative aspects several examples can be quoted of severe foetal damage being caused by virus infections which cause inapparent or no disease at all in the pregnant animals (Medearis 1967) . Amongst these are several viruses of the herpes-virus group, equine rhinopneumonitis, equine anemia, bovine tracheitis, hog cholera virus and blue-tongue virus of sheep. In most instances foetal damage can be related to maternal infection at a particular time and in many respects the pathogenesis is similar to those previously described. The absence of maternal immunity is a predominant factor in determining foetal infection. Virnmia occurs in all instances; the placenta is infected and foetal infection is followed by a disseminated infection with a broad spectrum of feetal damage.
Feetal infection may also follow infection with viruses which come into the category of 'slow viruses'. One such virus is lymphocytic choriomeningitis (LCM) which causes a prolonged infection in mice if infection occurs in utero or soon after birth. Infection is characterized by a persistent tolerant state, persistence of virus in high titre and an absence of humoral immunity. Symptoms may develop at 10-12 months of age, possibly due to the termination of the tolerant state and an autoimmune reaction (Hotchin 1967 ). It has also been shown that LCM virus can be transmitted transovarially (Mims & Subrahmanyan 1966) thus pointing to yet another mode of congenital infection.
Recurrent Infections
Chronic bacterial infections, for example brucellosis, vibriosis and leptospirosis are of considerable importance in veterinary medicine as a cause of foetal damage with a high incidence of abortions and stillbirths. Brucella abortus causes serious disease in cattle characterized by abortion during the latter half of pregnancy. The placenta is heavily infected and may be retained. Infections tend to persist in cattle and subsequent calves are infected. Porcine brucellosis may result from ingestion of infected material but more often as a venereal infection from chronically infected boars. The persistence of infection in the boar and absence of immunity in the sow leads to foetal infection and death. A similar process occurs in bovine vibriosis. Infection with Listeria monocytogenes may produce a chronic infection in animals with abortions, stillbirths and neonatal deaths. Chronic listeriosis in humans, characterized by meningo-encephalitis, has been reported in 4 siblings; a fifth child was born and remained normal after treatment (Dungal 1961) . Syphilis can also affect repeated pregnancies unless antibiotic treatment is introduced. Reinfection can occur after treatment with further feetal damage.
Of the virus infections, herpes simplex is one of the most important as a cause of recurrent infections in man. Primary infections also constitute a risk and there is evidence that transplacental infection can lead to severe feetal disease (Witzleben & Driscoll 1965) , but recurrent infection, particularly of the genital tract in the female, is of greater consequence during the age of child-bearing. In a series of 23 cases of acute disseminated herpes simplex in the newborn reviewed by MacCallum (1959) there was evidence of previous infection with herpes in 6 of the mothers, on the basis either of a history of recurrent infection or of serological tests. Infection, therefore, was presumably established in the presence of circulating antibody. As herpes IgG antibody is transferred across the placenta, this either did not afford protection to these infants or it could be argued that an overwhelming infection was established in the presence of antibody. The majority of these infants were premature and it is known that this increases the susceptibility to infection with herpes-virus. The other factor to be considered in this type of infection is the portal of entry and the possible roll of secretory IgA antibody playing a protective role against infection acquired through the mucous surfaces.
Reinfections
In most virus diseases, particularly those with a long incubation period and blood-stream spread, immunity is of long duration. Reinfection, if it occurs, is probably subclinical and the risk of viremia and therefore of feetal damage is slight. In influenza reinfection is quite common, due very largely to the existence of numerous strains of virus and to antigenic variation amongst the influenza A and B viruses. Reports on the effect of maternal influenza on the foetus vary considerably (Manson et al. 1960 , Rhodes 1961 , but it should be stressed that many reports have been based on a clinical diagnosis of influenza and not on laboratory diagnosis. There is little doubt that influenza in pregnancy, whether it be primary or reinfection, is associated with an increased risk of spontaneous abortion; what is less certain is whether the neurological malformations such as anencephaly which have been reported following influenza in pregnancy (Coffey & Jessop 1959) are causally related to infection with an influenza virus, or whether their occurrence is coincidental. Further prospective studies combined with virological investigations should help to settle this point.
Summary
The causes of breakdown in maternal protection which lead to foetal infection have been discussed in relation to various protozoal, bacterial and viral diseases. The routes by which microorganisms reach the foetus and the consequences of foetal infection and the various factors that determine the outcome have also been discussed. The immune status of the mother plays an important part in ensuring protection. Emphasis has been laid on the role of humoral immunity and examples quoted of foetal infection following an absence or defect in maternal humoral immunity leading to primary, recurrent or reinfections. Protective measures should be directed towards improving the mother's immune status before pregnancy and by protecting the child at birth and in the early weeks of life from pathogenic organisms.
